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OFTAPEEEDSWEETRACKWINGSWITHSYMMETRICAL

PARABOLIC-ARCSECTIONSATZEROLIFT

ByJulianH.Kainer

Thestudyofthesupersonicpressuredistributionandwavedragof
sweptbackwingsatzerolifthasbeenextendedbymeansoflinearized
theorytoincludetheconibinedeffectsofplan-formtaperandcurvature
ofprofile.Calculationshavebeenmadefora specificwingwitha
supersonicleadingedgeandtheseresultsareapplicabletoa limited
familyofplanforms.Comparisonshavebeenmadeofthepressuredis-
tributionsandthewavedragcalculatedbythisexactlinearsolution
withtheresultsofanarbitrarysimplifiedapprox@ationbasedon
formulasforuntaperedplanformswithsymmetricalparabolic-arcsections.
Inaddition,a comparisonofthewingwave-dragcoefficienthasbeenmade-
withtheresultsobtainedfromformulasforgeometricallysimilarswept-
backtaperedwingswithrhombicsectionsmodifiedbya profile-correction
factor.

INTRODUCTION

Duringthepastfewyears,extensiveinvestigationsutilizing
linearizedtheoryhavebeeninprogresstopredicttheaerodynamic
characteristicsofa widevarietyofwingconfigurationsatsupersonic
speeds.Themethodofreference1 wasappliedforthecaseofzerolift
inreferences2 and3 topredictthewave-dragcharacteristicsof
untaperedsweptbackwingswithsymmetricalparabolic-arcsectionsand
inreferencesh and5 topredictthewavedragoftaperedsweptbackwings
withrhombicprofiles(symmetricaldouble-wedgesectionswithmaxtium
thiclmessatthemidchord).Reference6 consideredtheeffectof
chordwiselocationofmsximumthicknessonthesupersonicwavedragof
sweptbackwingswithsymmetricaldouble-wedgeprofiles.Sincemany
practicalconfigurationsincludecombinedplan-formtaperh curvature
ofprofile,itisofcurrentinteresttoinvestigatethiscase.This
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papersupplementstheinvestigationsofreferences1 to.5bypresenting
thecalculationsforthepressuredistributionfora limitedfamilyof
taperedsweptbackplanformswithsymmetricalparabolic-arcsectionsand
supersonicleadingedgesatzerolift.
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SYMBOLS

Cartesiancoordinateswithoriginlocatedatwingapex

coordinatesoforiginofsourceline

free-streamvelocityinx-direction

free-streamMachnumber

firstpartial.derivatinof
potentialinx-direction

disturbance-velocity

secondpartialderivativesofdisturbance-velocity
potentialinx-,y-,andz-directions,respectively

sweepofleadingedge

wingspan

rootchord

tipchord

taperratio

coordinates
trailing

localchord

wingarea

(Ct/Cr)

ofintersectionofextendedleadingand
edges

( ( -k))inx-directionCr1

aspectratio(b2/S)

slopeofairfoilsurface

‘lOpe‘Homce 4*)
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thicknessratio

source-strengthfactor

horizontalperturbationvelocity(@x in x,y–pl~e}

u causedbysourcelinewithreversalinsigIIof y

u causedby sourcelineoriginatingatpoint(g,q)
integration’operator”

(x)
2pressurecoefficient~ u _

sectionwave-dragcoefficient

wing.wave-dragcoefficient

realpartofcomplexexpression

Subscriptsused-withu and ii

General

indicateoriginofsourceline.

ANALYSIS

Considerations

Withintheassumptionsofsmalldisturbances,thelinearized
equationforthevelocitypotentialis

(1-M2)@=+@m+dzz=o

Becauseofthelinearityofequation(1)a solutionmaybeusedto
denoteoneofthevelocitycomponentsratherthanthevelocitypotential.
(Seereference7.) Thespecificationofonecomponentinthismanner
actuallydescribesthewholeflowfieldsincetheothercomponentsmay
beobtainedbyintegratingthegivencomponenttoobtainthevelocity
potentialaxlthendifferentiatingtheresultsalongthedesired
directionstoobtainthedesiredcomponents.Itwasshowninrefer-
ence1 thata solutiontoequation(1)correspondingtoa disturbance
velocityat z = O ofanobliqzelineofpressuresourcesinthe
planez = O is,for m~ >1.0,equivalentto

u
[

=R.P.I COS 1-1x-d%~ (2)

.

(1)
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andfor mj3< 1.0,

u= ql cowl - .-j (3)

where

(4)‘=:$-~

The+ and- signsinequation(4)refertoeqwtions(2)and(3),
respectively.Theorigino~thelinesofsources
tions(2)and(3) ~stheoriginofthecmrdinate
tions(2)to(4)weregivenh references2 and3
withoriginlocatedatanypoint(~,q)inanother
supersonicleadingedge(rn~->l)

ug#%Y)
[

=R.P.1 COS-l

andforsubsonicleadingedge(m~<

‘~,T(x}Y)=R.P.

whereforanuntaperedwing

i

describedinequa-
system.Equa-.
fora lineofsources
formandareforthe

%4 ~
L)

I cosh-lx - E-‘2(Y -
~lm(x- ‘)1E)- (y- ~)1—

m= cotA andfora taperedwing

Inreference1,thefollowingisstated:
a continuousdistributionofsourcesandsinks

“Curvedsurfaces
alinedwiththe

(5)

(6)

(7)

require

generatorsofthesurface.Eachelementarysourcelinecausesan
infinitesimalchangeindirectionofthesurfaceandhencetheslopeat

. anypointuy heobtainedbyaddinguptheeffectsofallsourcesahead
ofthatpoint.”Thus,it-wasshown(reference1)that

and

(8)

(9)

.

.
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Pressure

Thepressurecoefficientis

5

Distribution

givenby

xP=-: u (lo)

wherethesummationinequation(10)representsthesuperpositionof
thefinitesourcesofstrengthsufficienttoformthedesiredangleof
intersectionofthearcsoftheleadingandtrailingedgestogetherwith
a continuousdistributionofinfinitesimalsourcesandsinksalongthe
chordlinetoproduceanydesiredcurvature.

Thefollowingequationsfromreferences3 ad 2,respectively,
whenappliedtowingplanformswhereeachtipaffectssolelyitsown
halfofthewingcanbegivenasfollows:Fora supersonicleading
edge(rq$l>1)

T u = %,0 + %,0 -+0,0 -%0,0 -%/~, b/2+J-D%/~,b/2 ‘U)

andfora subsonicleading

L u = %,0 + %,0

edge(m@< 1)

1 1.
+ Uc,o+~c,o-~%,o -~,o +

1
~uc,o+–% oD C, -“b/~,b/2‘&b/~,b/2 (12)

wheretheunbarredquantitiesinequations(1.1)and(12)refertocon-
tributionsofthesourcesinthehalf-wingwherethepointundercon-
siderationislocated,andthebarredquantitiesrefertothecontri-
butionsofthosesourcesintheotherhalf-wing,thedisturbancesof
whicharepropagatedtothatpoint.Thecontinuousdistributionsof
sourcesandsinks(representedby *U and -~)inequations(n) and(X2)
areobtainedbychordwiseintegrationofthesolutionforanelementary
linesourcegivenbytheexpression:

U3,7(X,Y)+ =@%Y)‘Rpf’cos-wm’13’
Thefollowingformulascanbeusedtoevaluatethecontributions

ofthevarioustermsofequations(11)and(l&!):For q$!>1
.

U. O(X,Y) + =O,O(%Y)
> ‘Rp*FcOs-w=l ’14’

L A
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For m@< 1

[[

B2Y~,()(x,y)+~,&Y) =R.p.I cosh-lx-% ++]
x+ FY .

+ cosh-lj3~x+yI%& -Y1

FortheregionaheadoftheMachMne fromthewing
and m@ >1)

(16)

‘e contributions(*U++)ofthechordwisedistributionsofsource
andsinklinesare’obtaine’dbya summationoftheeffectsofallthe
elementarysourceandsinklines,thedisturbancesofwhicharepropagated
tothepoint(x,y).Forinstance,intheregionbetweentheleadingedge
andtheMachlinefromthewingapex(equation(16)) thecontrlbution6
oftheleading-edgesourcelinesis Ix,andtheincrementduetothe
changeinsourcestrengthfromaninfinitesimalsourcelinetoanother
approachesx dI inthelimit.Inthelimit,thesummationbecomes

aaintegrationovertheproperlimitsof n
Jdl ‘r *P$dk “ong

therootchord.FortheregionbehindtheMachlinefromthewing
apex(x?13yand m@ >1)

(17)
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wherem isa functionof ~ givenbyequation(7).Thefirstterm
inequation(17)isthecontributionoftheelementarysourcelines

● fromtheleadingedgetotheMachlineemanatingfromthewingapex,
andthelasttermrepresentsthecontributionoftheelementarysource
linesbetweentheMachlinefromthewingapexandtheforw~dMach
lineofthepoint(x,y).Fora subsonicleadingedge(M@<l)

/

Ei=x+y

E.=o

d2z~osh-lx - E +&y
s p~(x - E)+yg

)
giveninanotherforminreference1.whereequations(16)to (18) were

.
Incalculationsfora parabolic-arcsectioninthestreamdirec-

tion,d2z/d~2isconstantandmayberemovedfromtheintegrandsof. equations(16)to (18). Becauseofthecomplexityoftheintegrations
(equations(16)to (18)) forthecontributionofcombinedplan-form
taperandcurvatureofprofiletothepressuredistribution,graphical
integrationwasconsideredthemostadvantageousmeansofobtainingthe
results.

Drag

Sincethepressuredistribution(equation(10))forthetapered
configurationwasnotavailableinclosedform,thesectionwave-drag
coefficientsandthewingwave-dragcoefficientwerecalculatedby
graphicalmeansfromtheequations:

(19)
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where

and

a

(20) -

(21)

RESULTSANDDISCUSSION

Pressure-distributioncalculationshavebeenmadeforthewing
configurationoffigure1 havinga symmetricalparabolic-arcsection.
Thechordwisepressuredistributionsattherootichord,tipchord,and
fourintermediatespanwisestationsarepresentedinfigure2. The
distributionofsectionwave-dragcoefficient(equation(19))is shown
infigure3andwasintegratedgraphically(equation(21))togivethe
wingwave-dragcoefficient~ = 5.3k(t/c)2forthewingconfiguration
offigure1 or @ = 4.86(t/c)2cotA fora Mnitedfamilyoftapered-
wingconfigurationswithsymmetricalparabolic-arcsections
satisfyingh = 0.531, A~= 4.65,and ~ cotA= 1.375.

Asa pointofinterest,thepressuredistributionswerecalculated
forthepreviouslymentionedstationsbyanarbitraryapproximation
andarepresentedinfigure2;thepressuredistributionateachstation
wascalculatedbytheformulasofreference1 foruntaperedwingshaving
thessmespanandleading-edgesweepasthetaperedwingandhavinga
constantchordequaltothelocalchordofthetaperedwingatthe
spsmwisestationunderconsideration.Theuntaperedwingsusedin
thesecomputationsareillustratedinfigure4. Althoughtheresults
comparefavorablyinthevicinityoftherootchord,theagreement
becomespoorwithdistancefromtheroot–chord.(Seefig.2.)

Thedistributionofsectionwave-tiagcoefficient,-alsocalculated
withtheuse ofthegeometricassumptionsindicatedbyfigure4 snd
theformulasofreference3, isshowninfigure3. Thecorresponding
wingwave-dragcoefficientis @ = 5.@(t/c)2cotA,whichisabout
9percenthigherthantheresultofthispaper.

Thewing~ve-dragcoefficientcalculatedinthepresent~p=r
(CD= 4.86(t/c)cotA)wascomparedwiththevalueobtainedfora
geometricallysimilarwingwithrhombicprofile(reference~)multiplied .

.
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bya profile-correctionfactor.Thisfactorwaschosenast~ ratioof
thewingwave-dragcoefficientsoftwountaperedwings(havingthessme
aspectratioandleading-edgesweepasthetaperedwing)withparabolic-
arc(reference3)andrhombicsections(reference6),respectively.The
wingwave-dragcoefficientCD= 4.8~(t/c)2cotA soobtained
when@ = 4.65 and $ cotA = 1.375 comparedexceU.entlywiththe
valuecalculatedherein.

CONCLUDINGREMARKS

Thestudyofthesupersonicpressuredistributionandwave~ag of
sweptbackwingsatzerolifthasbeenextended”bymeansoflinearized
theorytoincludethecombinedeffectsofplan-formtaperandcurvature
ofprofile.Calculationshavebeenmadefora s~cificwingwitha
supersonicleadingedgeandtheseresultsareapplicabletoa limited
familyofplanforms.Comparisonshavebeenmadeofthepressuredis-
tributionsandthewavedragcalculatedbythisexactlinearsolution
-withtheresultsofanarbitrarysimplifiedapproximationbasedon
formulasforuntaperedplanformswithsymmetricalparabolic-arcsections.
ItappearsthattheseapproximationsareadequateonlYinthevicinitY
oftherootchord.Inadditi_on,thewingwave-dragcoefficientwas
comparedwitha valueobtainedfromthatofa geometricallysimilar
sweptbacktaperedplanformwitha rhombicprofilebyusing as a profile-
correctionfactortheratioofthewingwave-dragcoefficientsoftwo
untaperedwings(havingthesameaspectratioandleading-edgesweepas
thetaperedwing)withparabolic-arcandrhombicsections,respectively.
Thisapproximationindicatedexcellentagreementforthecasesconsidered.

LangleyAeronauticalLaboratory
NationalAdvisoryCommitteeforAeronautics

LangleyAirForceBase,Va.,November1,1949
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